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Abstract
Aims  To investigate, in a sample of nondiabetic adults from a Spanish community, the differences between prediabetes as 
defined by HbA1c (“H-prediabetes”) and by fasting plasma glucose (FPG) (“F-prediabetes”) in regard to prevalence and the 
influence of potential risk factors, adjusting the latter for confounders.
Methods  A total of 1328 nondiabetic participants aged ≥ 18 years were classified as normoglycemic, H-prediabetic [HbA1c 
5.7–6.4% (39–47 mmol/mol)] or F-prediabetic (FPG 5.6–6.9 mmol/L). Multivariable analyses were used to compare the 
impacts of risk factors on the prevalence of H-prediabetes, F-prediabetes and their conjunctive and disjunctive combinations 
(“HaF-prediabetes” and “HoF-prediabetes,” respectively).
Results  Some 29.9% of participants were HoF-prediabetic, 21.7% H-prediabetic, 16.3% F-prediabetic and only 8.1% HaF-
prediabetic. Whatever the definition of prediabetes, increasing age, fasting insulin and LDL cholesterol were each a risk factor 
after adjustment for all other variables. Increasing BMI and decreasing mean corpuscular hemoglobin (MCH) were additional 
risk factors for H-prediabetes; male sex and increasing uric acid for F-prediabetes and increasing BMI for HaF-prediabetes. 
The participants satisfying the compound condition “hypertension or hyperlipidemia or obesity or hyperuricemia” (59.9% 
of the whole study group) included 83.1% of all subjects with HoF-prediabetes.
Conclusions  In this population, the most sensitive risk factor for detection of prediabetes was age, followed by fasting insulin, 
LDL cholesterol, BMI, MCH, male sex and uric acid, with differences depending on the definition of prediabetes. MCH, an 
indirect measure of erythrocyte survival, significantly influences the prevalence of HbA1c-defined prediabetes. This study 
suggests that screening of individuals with selected risk factors may identify a high proportion of prediabetic persons.
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F-prediabetes	� Prediabetes according to the FPG crite-
rion (FPG 5.6–6.9 mmol/L)

GMA drugs	� Pharmaceutical drugs affecting glucose 
metabolism

HbA1c	� Glycated hemoglobin
H-prediabetes	� Prediabetes according to the HbA1c 

criterion [HbA1c 39–46 mmol/mol 
(5.7–6.4%)]

HaF-prediabetes	� Prediabetes according to both the FPG 
and HbA1c criteria

HoF-prediabetes	� Prediabetes according either the HbA1c 
or the FPG criterion, or both

IFG	� Impaired fasting glucose
OGTT​	� Oral glucose tolerance test

Introduction

The term “prediabetes” is defined by the American Diabe-
tes Association (ADA) as a state of high but subdiabetic 
glycemia as indicated by a fasting plasma glucose (FPG) 
value of 5.6–6.9 mmol/L (impaired fasting glucose, IFG), a 
plasma glucose value of 7.8–11.0 mmol/L in a 2-h oral glu-
cose tolerance test (OGTT) or an HbA1c value of 5.7–6.4% 
(39–46 mmol/mol) [1]. The identification of individuals with 
prediabetes provides an opportunity for intervention through 
lifestyle modification and pharmacological interventions to 
prevent progression to diabetes [2, 3]. The lower limits of 
the above ranges attempt to achieve a definition of prediabe-
tes that strikes an adequate balance between sensitivity (to 
include persons who would benefit from prevention strate-
gies) and specificity (to avoid the inclusion of persons at 
relatively low risk, for whom intervention may not be cost-
effective). Owing to its complexity and poor reproducibil-
ity, the OGTT has in many centers been abandoned except 
for screening for gestational diabetes [4]. Accordingly, in 
this paper, we concentrate on the HbA1c and FPG criteria of 
prediabetes. As is well known, these criteria are discordant 
in that, for a given population, they diagnose prediabetes in 
groups that are different, though overlapping [5]. This is due 
to FPG and HbA1c being influenced to different extents by 
numerous factors, including age, sex, red blood cell lifetime, 
ethnicity, pharmaceutical drugs, the duration of fasting and 
factors that interfere with their measurement [2, 6, 7].

A great number of studies have investigated the preva-
lence of prediabetes according to different definitions in a 
variety of ethnic groups, while others have proposed HbA1c 
cutoffs for a variety of different glucose intolerance groups 
[8–15]. Others again have compared the different definitions 
of prediabetes in regard to their ability to predict either pro-
gression to diabetes or the development of other major ill-
nesses favored by diabetes, such as kidney disease and car-
diovascular disease [7, 16–20]. However, as far as we know, 

none of these objectives has been pursued while adjusting 
for a broad range of risk factors for diabetes.

Here, we report the results of a community-based study 
of ethnically homogeneous nondiabetic adults in which we 
(1) evaluated the prevalence of prediabetes according to the 
relevant ADA cutoffs for HbA1c, FPG and their disjunctive 
and conjunctive combinations; (2) determined independent 
risk factors for prediabetes under the alternative definitions 
of the latter by means of multiple logistic regression mod-
els with full adjustment and (3) examined the proportion of 
prediabetic subjects contained in various groups defined by 
risk factors for diabetes.

Methods

Subjects

The subjects taking part in this study were a subset of the 
participants in the A Estrada Glycation and Inflammation 
Study (AEGIS; trial NCT01796184 at www.clini​caltr​ials.
gov), an epidemiological study of the relationships between, 
on the one hand, various tests of dysglycemia and inflamma-
tion, and on the other, the risk of progression to diabetes and 
cardiovascular disease [21]. On paper, the initial candidates 
for entry in AEGIS were an age-stratified random sample of 
3500 men and women aged 18 years or more that was drawn 
from among residents in the northwest Spanish municipal-
ity of A Estrada who were registered in Spain’s virtually 
100% comprehensive national health system. Of these, 
2230 were accessible, 1516 of whom agreed to participate 
in AEGIS. Those included in the present substudy were the 
1328 (87.7%) who had FPG < 7 mmol/L and HbA1c < 6.5% 
(48 mmol/mol) at screening for entry and had never been 
told by a doctor or other health professional that they had 
diabetes, other than during pregnancy (Fig. 1).

Laboratory assays

Glucose was determined in plasma samples from fasting 
participants by the glucose oxidase peroxidase method. Tri-
glycerides, HDL, LDL, total cholesterol, creatinine and uric 
acid were determined on a fully automatic analyzer (ADVIA 
2400 from Siemens Healthcare Diagnostics, Barcelona, 
Spain). Fasting insulin was determined by an immunoch-
emometric assay on a Siemens ADVIA Centaur (Siemens 
Healthcare Diagnostics, Barcelona, Spain). Mean corpus-
cular hemoglobin (MCH) was determined on an ADVIA 
2120 automated hematology analyzer (Siemens Healthcare 
Diagnostics, Barcelona, Spain). HbA1C was determined by 
high-performance liquid chromatography on a Menarini 
Diagnostics HA-8160 analyzer; all HbA1C values were con-
verted to DCCT-aligned values [22].

http://www.clinicaltrials.gov
http://www.clinicaltrials.gov
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All laboratory analyses were performed on the day of 
sample collection in the Clinical Biochemistry Laboratory of 
the University Hospital Complex, Santiago de Compostela, 
Spain. BMI and blood pressure were measured following 
standard protocols. Age, sex, smoking status and use of 
medication were reported at study visits. Hypertension was 
identified by the use of blood pressure-lowering medica-
tion, by systolic blood pressure ≥ 140 mm Hg (mean of two 
measurements taken at a study visit), or by diastolic blood 
pressure ≥ 90 mm Hg (idem).

Group definitions and statistical analyses

Following ADA, participants with FPG < 5.6 mmol/L and 
HbA1C < 5.7% (39 mmol/mol) were considered normo-
glycemic. Among the other (prediabetic) participants, the 
following overlapping groups were defined: H-prediabetic 
participants [HbA1c 5.7–6.4% (39–46 mmol/mol)], F-predi-
abetic participants (FPG 5.6–6.9 mmol/L), HaF-prediabetic 
participants [HbA1c 5.7–6.4% (39–46 mmol/mol) and FPG 
5.6–6.9 mmol/L] and HoF-prediabetic participants [HbA1c 
5.7–6.4% (39–46 mmol/mol) or FPG 5.6–6.9 mmol/L, or 

both]. “Prediabetic” without a prefix is used for HoF-pre-
diabetes when there is no danger of confusion and for the 
general concept of prediabetes.

All variables were checked for normality. Data for nor-
mally distributed continuous variables are summarized 
as means ± SDs and those for other continuous variables 
as medians with interquartile ranges in parentheses. The 
statistical significance of differences between groups was 
estimated by Student’s t test for normally distributed vari-
ables and nonparametrically otherwise. Multivariable logis-
tic regression analyses were used to evaluate association 
between each prediabetes group (HoF-, H-, F- and HaF-
prediabetics) and various possible risk factors (age, sex, cur-
rent smoking status, systolic and diastolic blood pressures, 
BMI, HDL and LDL cholesterol, triglycerides, MCH, fasting 
insulin, creatinine, uric acid and use of pharmaceutical drugs 
affecting glucose metabolism). The odds ratios presented for 
each variable are adjusted for all the other variables. General 
linear models were fitted to the FPG-age and HbA1c-age 
data, and their predictions for mean FPG and mean HbA1c 
in various age groups were compared with those of models 
adjusting for sex, BMI, fasting insulin, LDL cholesterol, uric 
acid, MCH and, in the case of HbA1c, FPG; for HbA1c, a 
model adjusting only for FPG was also run. Pairwise correla-
tions between variables were calculated as Pearson’s r. All 
statistical analyses were performed using SPSS 22 (SPSS, 
Chicago, IL). P values ≤ 0.05 were considered statistically 
significant.

Results

Table 1 summarizes demographic, clinical and biochemical 
characteristics of the normoglycemic participants (70.1%) 
and the various groups of prediabetic participants. 21.7% 
of all participants were H-prediabetic, 16.3% F-prediabetic 
and only 8.1% HaF-prediabetic. There were statistically sig-
nificant differences between normoglycemic and prediabetic 
participants in regard to all the variables of Table 1 except 
the proportion of women and MCH. 48.6% of participants 
were taking drugs that affect glucose metabolism (hereinaf-
ter “GMA drugs”: statins, beta blockers, diuretics, calcium 
channel blockers, ACE inhibitors, angiotensin II receptor 
blockers, antidepressants, glucocorticoids or thyroid drugs), 
and in this subgroup, H-prediabetes was significantly more 
prevalent than F-prediabetes (30.1% vs 19.5%, P < 0.001), 
whereas in the subgroup that were not taking these drugs, 
the prevalences of H- and F-prediabetes were very simi-
lar (13.8% and 13.2%, respectively, P =0.63). As might 
be expected, those who took these drugs were on average 
older than those who did not (57 ± 18 years vs 44 ± 15 years, 
P < 0.001).

3500 subjects in the cohort

1516 agreed to participate 
in AEGIS

1328 subjects included

1270 unaccessible
714 declined inclusion

188 excluded
(FPG ≥ 7 mmol/L or
HbA1c ≥ 6.5% (48 mmol/mol)) 

931 subjects with 
normoglycemia

397 subjects with prediabetes
(FPG 5.6 - 6.9 mmol/L) or HbA1c 5.7 - 6.4 %)  

216 with F-prediabetes
FPG (5.6 - 6.9 mmol/L)  

288 with H-prediabetes
(HbA1c 5.7 - 6.4 %)

107 with HaF-prediabetes
(FPG 5.6 – 6.9 mmol/L and  HbA1c 5.7 - 6.4 %) 

Fig. 1   Patient selection flow diagram
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Female sex, current smoking and the use of GMA drugs 
were each more prevalent among H-prediabetics than among 
F-prediabetics, while the reverse was held for obesity and 
hyperuricemia. 23.2% of women were H-prediabetic as 
against 13.3% who were F-prediabetic (P < 0.001), but 
there was no such difference for men (19.6% H, 20.1% F, 
P = 0.83). HaF-prediabetic participants were more likely to 
be obese and had higher insulin levels than those who were 
H- or F-prediabetic but not both (P < 0.01 for both varia-
bles). More prediabetic participants were H-prediabetic than 
F-prediabetic (72.5% as against 54.4%, P < 0.001) and the 
same held for most of the subgroups studied (Supplementary 
Table 1). The exceptional subgroups in this respect were 
men, participants younger than 45 years, hyperuricemic par-
ticipants, those taking no GMA drugs, those taking diuretics 
and those taking ACE inhibitors.

Strikingly, although in all BMI strata, more HoF-pre-
diabetics were H-prediabetics than were F-prediabetics, 
the proportion who were H-prediabetic decreased with 
increasing BMI, whereas the proportion who were F-pre-
diabetics increased (Supplementary Table 1). This trend in 

the relative prevalence of F-diabetes paralleled the trend 
of fasting insulin, which rose from 8.3 ± 3.6 mU/L among 
participants with BMI < 25  kg/m2 to 16.2 ± 8.9  mU/L 
among those with BMI ≥ 30 kg/m2; and although FPG cor-
related with BMI slightly better than did HbA1c (r = 0.39 
as against 0.36), the reverse held after adjustment for fast-
ing insulin (r = 0.31 for HbA1c vs BMI, r = 0.26 for FPG 
vs BMI). In fact, FPG correlated better with fasting insulin 
than it did with HbA1c (r = 0.37 as against 0.19, P < 0.001).

The prevalence of H-prediabetes did not vary sig-
nificantly between men and women and nor did that of 
HaF-prediabetes, but men were much more likely than 
women to have F-prediabetes (P < 0.001), especially in 
the age decades between 30 and 60 years (Supplementary 
Table 2). In all six age groups, H-prediabetes was more 
prevalent than F-prediabetes; and the increase in preva-
lence with the age of the age group, though evidenced by 
both HbA1c and FPG, was steeper for H- than for F-predi-
abetes. Thus, H-prediabetes was approximately four times 
more prevalent among participants aged ≥ 70 years of age 

Table 1   Characteristics of the normoglycemic group and the various prediabetic groups

Data are n, n (%), mean ± SD or median (interquartile range)
a H, HbA1c 5.7–6.4% (39–47 mmol/mol); F, FPG 5.6–6.9 mmol/L; HaF, HbA1c 5.7–6.4% (39–47 mmol/mol) and FPG 5.6–6.9 mmol/L; HoF, 
HbA1c 5.7–6.4% (39–47 mmol/mol) or FPG 5.6–6.9 mmol/L
b Pharmaceutical drugs that can affect glucose metabolism
*P < 0.001; †P < 0.01; ‡P < 0.05 for comparison with subjects with normoglycemia

Variables Normoglycemic Prediabetica

HoF-prediabetic H-prediabetic F-prediabetic HaF-prediabetic

n (%) 931 (70.1) 397 (29.9) 288 (21.7) 216 (16.3) 107 (8.1)
Age, years 44 (33–58) 63 (52–72)* 64 (53–72)* 63 (52–71)* 65 (57–71)*
Women 540 (58) 217 (54.7) 176 (61.1) 101 (46.8)† 60 (56.1)
Use of GMA drugsb 397 (42.6) 248 (62.5)* 194 (67.4)* 126 (58.3)† 72 (67.3)*
Current smoker 242 (26) 48 (12.1)* 35 (12.2)* 23 (10.6)* 10 (9.3)†

BMI, kg/m2 26.6 ± 4.6 30.5 ± 4.7* 30.6 ± 4.7* 30.7 ± 4.3* 31.3 ± 3.9*
Obese, ≥ 30 kg/m2 206 (22.1) 210 (52.9)* 152 (52.8)* 127 (58.8)* 69 (64.5)*
MCH (pg) 29.7 ± 1.8 29.7 ± 1.7 29.4 ± 1.7† 30.0 ± 1.6† 29.7 ± 1.6
Creatinine (µmol/L) 63.5 ± 15.2 65.5 ± 14.8‡ 65.1 ± 15.3 66.5 ± 13.6‡ 66.3 ± 14.0
Uric acid (mmol/L) 297 ± 88 341 ± 86* 336 ± 86* 355 ± 88* 357 ± 90*
Hyperuricemia, ≥ 6 mmol/L 224 (24.1) 163 (41.1)* 112 (38.9)† 103 (47.7)* 52 (48.6)*
Systolic blood pressure (mmHg) 125 ± 15 137 ± 16* 137 ± 16* 137 ± 15* 140 ± 14*
Diastolic blood pressure (mmHg) 76 ± 9 80 ± 9* 80 ± 9* 81 ± 8* 81 ± 9*
Total cholesterol (mmol/L) 50.7 ± 9.8 53.5 ± 9.8* 53.4 ± 9.2* 54.0 ± 10.0* 54.2 ± 8.8†

HDL cholesterol (mmol/L) 15.9 ± 4.5 15.3 ± 4.3‡ 15.4 ± 4.4 15.0 ± 3.8‡ 15.0 ± 3.8
LDL cholesterol (mmol/L) 29.5 ± 7.9 32.0 ± 8.2* 31.9 ± 7.6* 32.8 ± 8.7* 33.2 ± 7.9*
Triglycerides (mmol/L) 0.99 (0.73–1.33) 1.22 (0.88–1.70)* 1.22 (0.89–1.66)* 1.26 (0.90–1.80)* 1.27 (0.98–1.72)*
Fasting insulin (mU/L) 9.6 (6.7–12.8) 13.4 (9.3–18.1)* 12.8 (9.1–17.1)* 14.7 (10.5–20.7)* 15.4 (11.5–20.8)*
FPG (mmol/L) 4.7 ± 0.4 5.5 ± 0.6* 5.4 ± 0.6* 5.9 ± 0.4* 6.1 ± 0.4*
HbA1c (%) 5.3 ± 0.2 5.7 ± 0.3* 5.9 ± 0.2* 5.7 ± 0.3* 5.9 ± 0.2*
HbA1c (mmol/mol) 34 ± 3 39 ± 3* 40 ± 2* 38 ± 4* 41 ± 2*
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than among those aged 40–49 years, as against a factor of 
only three for F-prediabetes.

Logistic regression analysis showed that age, BMI, MCH, 
uric acid, LDL cholesterol, diastolic blood pressure and 
fasting insulin were all associated with HoF-prediabetes, 
whereas sex, current smoking, systolic blood pressure, HDL 
cholesterol, triglycerides, creatinine and the use of drugs 
that affect glucose metabolism were not (Table 2). After 
similar analyses had been performed for H-, F- and HaF-
prediabetes, the risk factors common to all these varieties of 
prediabetes were age (the most influential), LDL cholesterol 
and fasting insulin. H-prediabetes was additionally associ-
ated with BMI and MCH, F-prediabetes with male sex and 
uric acid, and HaF-prediabetes with BMI. Men had signifi-
cantly higher uric acid levels than women (365 ± 78 mmol/L 
vs 268 ± 73 mmol/L, P < 0.001). Strikingly, among the 148 
participants with MCH < 28 pg (11.1% of all participants; 
5.0% of men and 15.9% of women), the prevalence of H-pre-
diabetes was 27.7%, as against only 17% among the 279 with 
MCH ≥ 31 pg (21%; 28.8% of men and 15.1% of women) 
(P < 0.01).

In the whole study group, HbA1c and FPG both correlated 
significantly with age (r = 0.480 and r = 0.378, respectively; 
P < 0.001 in both cases) and similar associations held among 
the normoglycemic participants (r = 0.423 for HbA1c and 
r = 0.287 for FPG, P < 0.001 in both cases). In both these 
groups, the age group means of FPG were practically 
unchanged when adjusted for sex, BMI, fasting insulin, LDL 
cholesterol, uric acid and MCH and the age group means of 
HbA1c were similarly unaltered when adjusted for these fac-
tors plus FPG, or for FPG alone (Supplementary Table 3).

With a view to increasing the efficiency of screening for 
prediabetes, it is of interest to consider the effect of using 

known risk factors for pre-screening, i.e., of measuring 
FPG and/or HbA1c preferentially in individuals with known 
risk factors for prediabetes. Table 3 shows the sensitivity 
of hypertension, hyperlipidemia, obesity and hyperurice-
mia, and of combinations of these risk factors, for detec-
tion of prediabetes. The most sensitive individual risk fac-
tor was obesity (sensitivity 0.529), while the sensitivities 
of hypertension, hyperlipidemia and hyperuricemia were 
very similar (0.426, 0.423 and 0.411, respectively). Includ-
ing hyperuricemia as an alternative pre-screening criterion 
increased the sensitivity of all the others, the increase rang-
ing from about 6% for the compound criterion “hyperten-
sion or hyperlipidemia or obesity” (increased from 0.768 
to 0.831) to 25% for hyperlipidemia (increased from 0.423 
to 0.673). The group of participants with hypertension or 
hyperlipidemia or obesity or hyperuricemia, who made up 
59.9% of the whole study group, thus included 83.1% of all 
prediabetic participants. Including the additional alternative 
pre-screening criterion “age > 44 years” (satisfied by 74% of 
all the prediabetic participants) identified 1002 individuals 
(75.5% of the whole study group), a group that included 96% 
of all prediabetic participants.

Discussion

In this community-based study of Spanish subjects 
aged ≥ 18 years, the risk factors for H- and F-prediabetes 
differed more or less as previously reported [5, 8, 10, 13, 
16, 27], but not after adjustment by other covariates. In 
multiple regression models, increasing age, LDL choles-
terol and fasting insulin are risk factors common to both H- 
and F-prediabetes. Increasing BMI and diminishing MCH 

Table 2   Odds ratios and their 95% CIs for risk factors associated with the various types of prediabetesa in multivariable analyses

Only statistically significant values are shown. Odds ratios (OR) are for prediabetes versus normoglycemia. ORs are adjusted for the other covar-
iates appearing above, plus smoking, systolic blood pressure, HDL cholesterol, triglycerides, creatinine and use of GMA drugs (pharmaceutical 
drugs that can affect glucose metabolism)
a H, HbA1c 5.7–6.4% (39–47 mmol/mol); F, FPG 5.6–6.9 mmol/L; HaF, HbA1c 5.7–6.4% (39–47 mmol/mol) and FPG 5.6–6.9 mmol/L; HoF, 
HbA1c 5.7–6.4% (39–47 mmol/mol) or FPG 5.6–6.9 mmol/L
*P < 0.001; †P < 0.01; ‡P < 0.05

Variables OR (95% CI)

HoF-prediabetes H-prediabetes F-prediabetes HaF-prediabetes

Age (per year) 1.06 (1.05–1.07)* 1.06 (1.05–1.07)* 1.05 (1.04–1.06)* 1.06 (1.05–1.08)*
Male sex – – 1.60 (1.06–2.41)‡ –
BMI (per kg/m2) 1.05 (1.02–1.09)† 1.09 (1.05–1.13)* – 1.07 (1.02–1.13)†

MCH (per pg) 0.91 (0.83–0.99)‡ 0.82 (0.75–0.89)* – –
Uric acid (per 50 mmol/L) 1.15 (1.04–1.27)† – 1.20 (1.07–1.35)† –
LDL cholesterol (per mmol/L) 1.02 (1.00–1.04)‡ 1.02 (1.00–1.04)‡ 1.04 (1.01–1.06)† 1.04 (1.01–1.07)†

Fasting insulin (per mU/L) 1.08 (1.06–1.11)* 1.03 (1.01–1.06)† 1.10 (1.08–1.13)* 1.07 (1.04–1.09)*
Diastolic blood pressure (per mmHg) 1.02 (1.00–1.04)‡ – – –



1028	 Acta Diabetologica (2019) 56:1023–1030

1 3

were additional risk factors for H-prediabetes, male sex and 
increasing uric acid concentration for F-prediabetes, and 
increasing BMI for HaF-prediabetes. The most influential 
risk factor in all cases was increasing age.

While H- and F-prediabetes are invariably reported to 
have different prevalences, some studies find the more preva-
lent to be F-prediabetes [7–12, 16, 23] and others, like the 
present study, H-prediabetes [13, 18, 24–28]. Since both H- 
and F-prediabetes include persons excluded by the other, the 
prevalence of HoF-prediabetes is greater than that of either. 
Many factors may contribute to these differences [4–6]: 
One is age. In the present study we observed, like others 
[29–32], an increase in HbA1c with age, by about 0.1% per 
decade when unadjusted (a figure similar to that of a previ-
ous report [31]) and about 0.06% per decade when adjusted 
for FPG or for FPG, sex, BMI, fasting insulin, MCH, LDL 
cholesterol and uric acid. In the normoglycemic subgroup, 
the rate of increase was slightly smaller but quite clear. This 
increase in HbA1c with increasing age, which is consistent 
with the notion that the glycation of hemoglobin is acceler-
ated by aging [31], may partly explain the differences in 
the prevalence of H-prediabetes between studies of sub-
jects aged ≥ 18 years [8–10, 12, 25, 26, 28] and studies that 
only included subjects with baseline ages > 40 years [7, 8, 
13, 23, 24]. It may also partly explain why, in the present 
study, in which participants who were taking GMA drugs 
were on average 13 years older than those who were not, 
H-prediabetes was more than twice as prevalent among the 
GMA drug takers as among the others (30.1% vs 13.8%); 

after adjusting for age, there was no significant difference 
between the mean HbA1c levels of these two groups (5.38% 
vs 5.42%, P = 0.061).

The prevalence of H-prediabetes was similar among 
men and women, but men were much more likely than 
women to have F-prediabetes, as previously reported [12, 
23]. Although uric acid levels were higher in men than in 
women, male sex and uric acid were nevertheless mutually 
independent risk factors for F-prediabetes after adjusting for 
creatinine and other confounders. Although Japanese sub-
jects with F-prediabetes have been reported to have elevated 
uric acid levels [16], as far as we know, this is the first time 
it has been shown that a relationship between uric acid and 
the prevalence of F-prediabetes persists after adjustment for 
other covariates and that no such relationship holds in the 
case of H-prediabetes.

Although the reasons for the above difference between 
H- and F-prediabetes are unknown, it is possible that the 
effects of sex and uric acid on nonglycemic determinants of 
HbA1c differ from their effects on glycemic determinants. 
Among the nonglycemic influences on HbA1c are those 
affecting erythrocyte turnover. We recently found that for 
at least 25% of all patients for whom an analytical profile 
is requested that includes the relevant determinations, low 
or high MCH levels are associated with increased risk of 
an erroneous HbA1c-based identification of glycemia status 
[33]. In the present study, after adjustment for sex, age and 
other confounders, the odds ratio of H-prediabetes preva-
lence fell by 18% (95% CI 11–25%) for each pg increase in 

Table 3   Prevalence of HoF-prediabetes in risk factor groups, and sensitivity of the risk factor for HoF-prediabetes

Data are n, n(%), or %
a Sensitivity for detecting participants with HoF-prediabetes (397), as a percentage
*For comparison with groups without hyperuricemia

Risk factors All n HoF-prediabetic Sensitivitya P*

None 521 62 (11.9) 15.6
Hyperuricemia 387 163(42.1) 41.1 < 0.001
Hypertension 312 169 (54.2) 42.6
Hypertension or hyperuricemia 564 248 (44.0) 62.5 < 0.001
Hyperlipidemia 347 168 (48.4) 42.3
Hyperlipidemia or hyperuricemia 614 267 (43.5) 67.3 < 0.001
Obesity 416 210 (50.5) 52.9
Obesity or hyperuricemia 611 266 (43.5) 67.0 < 0.001
Hypertension or hyperlipidemia 500 237 (47.4) 59.7
Hypertension or hyperlipidemia or hyperuricemia 701 297 (42.4) 74.8 < 0.001
Hypertension or obesity 558 275 (49.3) 69.3
Hypertension or obesity or hyperuricemia 708 307 (43.4) 77.3 0.011
Hyperlipidemia or obesity 601 282 (46.9) 71.0
Hyperlipidemia or obesity or hyperuricemia 748 319 (42.6) 80.4 0.002
Hypertension or hyperlipidemia or obesity 672 305 (45.4) 76.8
Hypertension or hyperlipidemia or obesity or hyperuricemia 796 330 (41.5) 83.1 0.027
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MCH, and differences of about 3 pg were observed between 
the extremes of the MCH distributions. Accordingly, MCH 
may at least partially explain the discrepancies between the 
results of using HbA1c and FPG criteria for diagnosis of 
prediabetes.

In these nondiabetic subjects, BMI was a risk factor for 
H-prediabetes but not for F-prediabetes, and in the HoF-
prediabetic group, increasing BMI was accompanied by an 
increase in the proportion who were F-prediabetic, but a 
slight decrease in the proportion who were H-prediabetic 
(whereas others have reported the opposite behavior [34]). 
These differences are probably due to FPG and HbA1c 
reflecting different domains of glucose metabolism (as noted 
above, in this study FPG correlated better with fasting insu-
lin than with HbA1c). F-prediabetes is mostly a dysfunction 
of hepatic insulin resistance, whereas HbA1c, which repre-
sents chronic exposure over 2–3 months to both basal and 
postprandial hyperglycemia, may reflect a combination of 
both hepatic and muscular insulin resistance [5, 35].

This study was novel in comparing different criteria of 
prediabetes in regard to their associated risk factors and in 
regard to their estimated prevalence after adjustment for 
confounders. The reliability of its results is supported by 
its participants having come from a representative sample 
of an ethnically homogeneous (100% Caucasian) general 
population, by their constituting 70% of the accessible and 
eligible members of this sample, making significant bias 
unlikely, and by all analyses having been performed by the 
same method in the same laboratory on the day the blood 
sample was obtained. However, the limitations of this study 
should also be borne in mind. An obvious limitation was that 
OGTT results were not obtained, so we could not evaluate 
how well HbA1c and FPG perform in comparison with 2-h 
plasma glucose. However, in many centers, the OGTT is not 
routinely performed in clinical practice; it is the comparison 
between FPG and HbA1c that is clinically more important. A 
somewhat more subtle shortcoming was that FPG and HbA1c 
were only determined once even though they can change 
over time, and small differences in HbA1c can have a dispro-
portionately large impact on glycemic status. However, sen-
sitivity analysis suggests that our findings will not have been 
greatly affected in this way: lowering the HbA1c threshold 
for H-prediabetes to 38 mmol/mol had an insignificant effect 
on our results [8]. Finally, although the ethnic homogeneity 
of our sample was an advantage from the point of view of 
the robustness of the results, it also means that these results 
may not be generalizable to other racial or ethnic groups.

In summary, in this community sample of nondiabetic 
adults, the most important risk factor for prediabetes and 
hence for diabetes and cardiovascular disease, was age, fol-
lowed by fasting insulin and LDL cholesterol. Additional 
risk factors for IFG were male sex and uric acid concen-
tration, and additional risk factors for HbA1c-defined 

prediabetes were BMI and MCH, while BMI was also an 
additional risk factor for simultaneous satisfaction of both 
the FPG and HbA1c criteria of prediabetes. The group of 
individuals with hypertension or obesity or dyslipidemia or 
hyperuricemia (who together made up 60% of the whole 
study group) included 83% of those with prediabetes by at 
least one criterion, suggesting that programs to prevent pro-
gress from prediabetes to diabetes might profitably screen 
individuals with these risk factors. Although the definition 
of HbA1c-defined prediabetes would seem clear, it is called 
into question by the relationship between HbA1c and MCH, 
an indirect measure of erythrocyte survival: The prevalence 
of HbA1c-defined prediabetes was 17% among high-MCH 
individuals (21% of our subjects), but rose to 28% among 
individuals with low MCH (11% of our subjects). In view of 
our findings, further studies are needed to evaluate the risk 
of adverse long-term developments for persons with these 
different types of prediabetes.
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